However, all mentioned above, they have some restricted such as the biquad filter and oscillator circuit in [11] stills from the frequency limitation imposed by op-amps. The circuits structures are presented in [12] [13] [16] [17] use floating capacitors which are unsuitable for integrated circuit implementation. Because, it will be increased the chip areas and parasitic effects. Moreover, in Ref. [13-17, 22, 36-38, 46-47] also needed external passive resistors which may be caused of difficult to IC implementation [48] . Furthermore, the passive resistors may be elevated temperatures and power consumptions [48] . Also, the parameters pole frequency ( p  ) and quality factor (Q p ) of [11, 19-20, 23-24, 30-33] cannot independently tuned. The configurations of circuit in [23] [24] [25] [26] require using the three of CCCCTAs. Then, proposed circuits in can be either operated universal filter and in [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] are either capable to quadrature oscillator.
The purposed of this paper is studied for the configuration of current-mode single-input multi-output, multi-input single-output filter and quadrature oscillator. The configuration is constructed two BiCMOS CCCTAs and only two grounded capacitors. While, it operates of the SIMO and MISO biquad filter, the pole frequency and quality factor are independently adjusted. As well, it can be operated of quadrature oscillator with freely controllable of the frequency of oscillation and condition of oscillation. Also, the proposed configuration is suitability fabricated to IC since all parameters of them can be tuned with electronic method and also used of grounded capacitors. The performance analyses are investigated by PSPICE program with the parameters of m 0.35 BiCMOS.
The description of the BiCMOS CCCTA CCCTA or current-controlled conveyor transconductance amplifier in BiCMOS technology is researched and published by Tangsrirat [33] , on 2014. It was improved from the CCCCTA (current-controlled current conveyor transconductance amplifier) [35] . The CCCTA has several advantaged such as simple structure in BiCMOS since it composes solely difference pairs and simple current mirrors, the parasitic resistance R x can be electronically/linearity adjusted with the external DC bias current, higher transconductance and etc. The electrical symbol and equivalent circuit of the CCCTA are shown in Fig. 1 (a) and (b), respectively. The electrical properties of the CCCTA can be detailed in the following equation: 
The configuration of current-mode SIMO, MISO biquad filter and QO
The proposed configuration is presented in Fig. 2 , it minimizes of component that is consisted of two BiCMOS CCCTAs and only two grounded capacitors. It well known that, the grounded capacitors can be reduced the parasitic effected of the nodes/ports of the circuit [49] [50] . The proposed configuration can be discussed and realized the SIMO, MISO and QO in following sub-sections, respectively.
Current-mode SIMO biquad filter operation
The proposed configuration in Fig. 2 can be operated in current-mode single-input multi-output (SIMO) biquad filter, while feeding only single input signal 1 in I . From the electrical properties of CCCTA, the current gain transfer function for the filter can be realized as:
The current gain transfer functions are obtained in equation (4) - (6) . They provide BP, LP and HP response at the output currents I O1 , I O2 and I O3 , respectively.
Clearly, the parameters pole frequency ( p  ) and quality factor (Q p ) of each transfer function can be calculated respectively by: Besides, the parameter Q p can also be freely tuned by adjusting the bias currents 
Current-mode MISO biquad filter operation
The feature of the proposed configuration in Fig. 2 
From equation (11), it is obtained the standard biquadratic function of filter. The output current I O4 response can be obtained BP, inverting LP, HP, BR and AP by selection/connection the input currents in Table I . It can be observed that the input currents are not required double input current signals and easy controlled with digital method [3] . are the same properties with the SIMO filter. They can be electronically and independently tuned that is also discussed as above and described in equation (9) - (10) Current-mode quadrature oscillator operation It is interested that the proposed configuration can be worked as the current-mode quadrature oscillator (QO) without feeding the input currents 
It is examined that the condition of oscillation (CO) and the frequency of oscillation (FO) can be respectivly expressed as: (13) It is evident that the parameters CO and FO can be electronically tuned by adjusting the bias currents of CCCTAs. Considerably, the CO is set by the ratio of the bias currents 
Non-ideal analysis
However, the non-ideal parameters of the CCCTA will be considered since these parameters have been degraded the performance of the proposed configuration. These parameters include the voltage and the current tracking errors that are  and  ,  respectively. The CCCTA properties are changed to 
From (19) - (22), they depict that the effects of tracking error of voltage and current of CCCTAs for the proposed configuration. These errors often occur at high frequency, high temperature and the mismatch of internal construction of the CCCTA.
The simulation results and discussions
The theoretical analysis of the proposed configuration is verified by PSPICE program. The internal construction of the BiCMOS CCCTA in [33] (9) - (10) .
The proposed configuration can be operated in currentmode quadrature oscillator, it can be simulated in timedomain responses. The externals grounded capacitor and bias currents Nevertheless, the tolerances of the external capacitors have been influenced to the parameters of the configuration which are p f , Q p and FO. The errors of them can be used in Monte Carlo analysis. In this case, the FO is simulated for example. The Gaussian probability distributions with 100 trials and 10% for the tolerances of the external grounded capacitors are used to simulate the deviations. The possibility of the frequency-domain responses and the histograms of the FO are presented in Figure 9 (a) and (b), respectively. The median and the standard deviations of the FO are 427.792kHz and 25.798kHz, respectively. Also, the maximum and minimum of the FO are 470.985kHz and 373.018kHz, respectively. 
Conclusion
The current-mode single-input multi-output (SIMO), multi-input single-output (MISO) biquad filter and quadrature oscillator (QO) have been studied from the same configuration. It is configured as two BiCMOS CCCTAs and only two grounded capacitors. The features of SIMO and MISO biquad filters are performed lowpass, bandpass, highpass, bandreject and allpass responses. Also, the parameters f p and Q p of them can be freely and electronically adjusted with DC bias currents of the BiCMOS CCCTAs. As well, the input signals of MISO are not required double input currents and easily selected with digital method. In addition, the QO can be achieved by without feeding the input signals. The condition of oscillation (CO) and frequency of oscillation (FO) are non-interactive current controlled by adjusting the bias currents of BiCMOS CCCTAs. The output terminals of proposed configuration are high impedance which is directly and easily connected to load or next stages in current-mode configurations. The simulated results with PSPICE program are agreed well with the theoretical anticipation.
